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Nowadays, with the growing technical requirements of industrial production，
high temperature components need to adapt to much worse servicing conditions. 
Studies on fracture mechanics behavior of materials at high temperatures and 
improvements of safety assessment techniques of components are important contents 
of the structural integrity assessment, and are of great significance for many industries, 
such as petroleum, chemical, electrical energy, aerospace, etc. In this thesis, some 
fundamental issues on safety assessment technologies, fracture mechanics behavior of 
materials at high temperatures, numerical simulation method of fracture behavior, and 
the criteria of high temperature structure free from assessment of creep failure. The 
main contents are as follows: 
(1) The fatigue and creep-fatigue crack propagation tests are carried out for 
austenitic stainless steel 0Cr18Ni9 at 550 and the crack growth curve℃ s are obtained. 
Then the effect of holding time of load on creep-fatigue crack growth rate are 
systematically analysed and the corresponding creep-fatigue crack propagation rules 
are given. It is found that the crack growth rates under creep-fatigue loading are 
greater than those under fatigue loading conditions at same temperature and stress 
levels. Through the connection between the holding time of load and the correlation 
coefficients of the fatigue mechanism and the creep mechanism, it shows that with the 
increase of the holding time of load, the correlation coefficient of fatigue mechanism 
is decreasing and the correlation coefficient of creep mechanism is increasing. Thus 
creep damage gradually becomes the dominant factor of materials’ failure. 
(2) By using ANSYS software, numerical simulation of crack propagation 
behaviors are performed for 0Cr18Ni9 stainless steel at 550  under the fatigue ℃
loading. The reasons of crack close effect is discusses. With a contact problem 
analysis method, we solve the negative displacement phenomenon in numerical 
simulation. The simulation results show that there is a good agreement between the 
results of numerical simulations and experiments. 
(3) Based on the general creep-fatigue crack propagation model in R5,  an 
equivalent parameter is deduced to combine the fatigue mechanism and the creep 
mechanism and a new creep-fatigue crack propagation equation is established. 
















model is verified. Compared with the calculation result by using the models in R5, the 
prediction results of the present model are in good accordance with the experimental 
results and also the calculation process is greatly simplified. 
(4) Based on the criteria of high temperature structure free from assessment of 
creep failure in the existing design codes and relevant literatures, combined with 
related creep theores, we establish a new criteria considering both the amount of creep 
deformation and the service time. Taking an engineering case as an example to verify 
the criteria, the computational results show that the criteria of high temperature 
structure free from assessment of creep failure in this thesis is suitable for engineering 
assessment. 
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在 1955-1999 年间，国外有近 30 根汽轮机转子发生断裂事故[1]；在 2004 年
























































































屠立群[17]做了基于 ANSYS 的 16MnR 钢的疲劳裂纹扩展分析，他利用弹塑
性模型分析疲劳裂纹尖端的应力应变场，计算疲劳损伤和预测疲劳裂纹扩展速
率。冒小萍[18]用有限元分析软件 ANSYS 对静载荷条件下的 3PBS 试件的裂纹扩






























1%，沿壁厚线性分布应变的最大值限制为 2%，局部累积非线性应变不超过 5%。 
我国火力发电厂金属技术监督规程（DL438-2000）[27]规定 12CrMo、15CrMo
和 12CrMoV 等材料的主蒸汽管道在运行 2×105h 后，如果最大实测蠕变变形量


















两个概念，并规定对蠕变延性 f 大于 10%的材料以产生 0.2%累积蠕变应变为界





















































 210 ,)( 0            (1.1) 
式中第 1 项代表了单纯疲劳载荷的贡献，第 2 项表征了蠕变-疲劳的交互作用，
第 3 项是单纯蠕变机制引起的裂纹扩展。但是这个模型中，蠕变裂纹孕育时间 tinc
和界定蠕变因素的温度采用的是特定试验条件下的结果，显然不适合推广到其它
情况，还有第 2 项和第 3 项都包含了保载时间的影响，过多考虑了蠕变因素的作
用，导致裂纹扩展预测值偏大。 
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